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ȺɇɇɈɌȺɐɂə ȼ ɫɬɚɬɶɟ ɨɛɨɫɧɨɜɚɧ ɜɵɛɨɪ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ
ɩɪɨɯɨɠɞɟɧɢɹɢɨɧɢɡɢɪɭɸɳɟɝɨɢɡɥɭɱɟɧɢɹɱɟɪɟɡɜɟɳɟɫɬɜɨɩɪɢɜɟɞɟɧɨɨɛɨɫɧɨɜɚɧɢɟɜɵɛɨɪɚɤɨɪɪɟɤɬɧɨɝɨɦɟɬɨɞɚɪɚɫɱɟɬɚɞɨɡɵ
ɢ ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɯɨɠɞɟɧɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɱɟɪɟɡ ɜɟɳɟɫɬɜɨ
ɉɪɟɞɥɨɠɟɧɚɦɟɬɨɞɢɤɚɩɨɞɛɨɪɚɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣɮɭɧɤɰɢɢɞɥɹɪɚɫɱɟɬɚɦɚɫɫɨɜɨɝɨɤɨɷɮɮɢɰɢɟɧɬɚ
ɨɫɥɚɛɥɟɧɢɹɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹɧɟɨɛɯɨɞɢɦɨɝɨɩɪɢɪɚɫɱɟɬɟɩɨɝɥɨɳɟɧɧɨɣɢɷɤɜɢɜɚɥɟɧɬɧɨɣɞɨɡ 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɢɨɧɢɡɢɪɭɸɳɟɟ ɢɡɥɭɱɟɧɢɟ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ GEANT ɩɨɝɥɨɳɟɧɧɚɹ ɢ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɞɨɡɚ
ɦɨɳɧɨɫɬɶɞɨɡɵ 
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ABSTRACT Ionization radiation is everywhere: cosmic rays, nuclear energy, medicine and etc. One of the main tasks during work 
with the ionization radiation ± human safety. There are a lot of radiation protected clothes. To define their protective characteristics 
two way are possible: experimental and simulation. The numerical simulation allows to speed up experiments and cheapen 
them.There are a lot of software toolkit for ionization radiation pass through the matter simulation.  The article is devoted to 
following tasks: selection of software toolkit for numerical simulation of ionization irradiation passage through the matter;correct 
way of dose and dose ray calculation as dose rate should be calculated at the point;  correct way of mass energy-absorption 
coefficient approximation by piecwise continuous function. For numerical simulation GEANT4 software toolkit was chosen. The 
GEANT4 is written in modern programming language: C++. GEANT4 is well documented, has a good supprot and free open 
software. To calculate dose and dose rate calculation should be made for the point. The absorbed dose calculaation method which is 
used in GEANT4 can not be used for dose rate calculation. Proper mathematical method for absorbed dose calculation was chosen 
and was described in the article.  




Ɋɚɫɱɟɬ ɡɚɳɢɬɧɵɯ ɫɜɨɣɫɬɜ ɪɚɞɢɚɰɢɨɧɧɨ-
ɡɚɳɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɬɪɟɛɭɟɬ ɩɪɨɜɟɞɟɧɢɹ ɛɨɥɶɲɨɝɨ
ɤɨɥɢɱɟɫɬɜɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ Ɂɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ
ɷɬɨɬ ɨɛɴɟɦ ɪɚɛɨɬɵ ɢ ɜɪɟɦɟɧɢ ɩɨɡɜɨɥɹɟɬ
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦɚɬɟɦɚɬɢɱɟɫɤɢɯɦɟɬɨɞɨɜ 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɱɢɫɥɟɧɧɨɝɨ
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɫɱɟɬɚ
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ
Ɉɫɨɛɟɧɧɨɚɤɬɢɜɧɨɷɬɢɦɟɬɨɞɵɩɪɢɦɟɧɹɸɬɫɹɜɨɛɥɚɫɬɢ
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɯɨɠɞɟɧɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ
ɢɡɥɭɱɟɧɢɹ ɱɟɪɟɡ ɜɟɳɟɫɬɜɨ ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ
ɫɥɟɞɭɸɳɢɦɢ ɮɚɤɬɨɪɚɦɢ ɪɨɫɬɨɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ
ɦɨɳɧɨɫɬɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɟɯɧɢɤɢ ɢ ɪɚɡɜɢɬɢɟɦ
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫɭɳɟɫɬɜɭɸɬ ɫɢɬɭɚɰɢɢ
ɤɨɝɞɚ ɧɟɜɨɡɦɨɠɧɨ ɢɡɦɟɪɢɬɶ ɮɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ
ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɢɨɧɢɡɢɪɭɸɳɟɦɭ ɢɡɥɭɱɟɧɢɸ
ɧɚɩɪɢɦɟɪ ɪɚɞɢɚɰɢɨɧɧɚɹ ɨɛɪɚɛɨɬɤɚ ɦɭɡɟɣɧɵɯ
ɷɤɫɩɨɧɚɬɨɜɪɚɫɱɟɬɷɤɜɢɜɚɥɟɧɬɧɨɣɩɨɝɥɨɳɟɧɧɨɣɞɨɡɵ
ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ
ɞɨɩɨɥɧɹɟɬ ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɩɨɡɜɨɥɹɟɬ
ɩɪɨɜɨɞɢɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɞɟɲɟɜɥɟɧɢɸ ɢ







ɷɦɩɢɪɢɱɟɫɤɢɟ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɟ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ ɢ
ɞɟɬɟɪɦɢɧɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ
ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɪɚɫɱɟɬɚ ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɵ
ȼɵɛɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɢ
ɫɩɨɫɨɛɚ ɪɚɫɱɟɬɚ ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɵ ɞɥɹ ɪɚɫɱɟɬɚ






















ɦɚɬɟɪɢɚɥ ɢ ɩɨɥɭɱɟɧ ɧɚ ɧɟɝɨ ɩɚɬɟɧɬ ɧɚ ɩɨɥɟɡɧɭɸ
ɦɨɞɟɥɶ >@ Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ
ɞɚɧɧɨɝɨɦɚɬɟɪɢɚɥɚ ɬɪɟɛɭɟɬɫɹ ɡɧɚɬɶ ɟɝɨɪɚɞɢɚɰɢɨɧɧɨ-
ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ Ɉɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɫɩɨɫɨɛɨɜ
ɨɩɪɟɞɟɥɟɧɢɹɪɚɞɢɚɰɢɨɧɧɨ-ɡɚɳɢɬɧɵɯɫɜɨɣɫɬɜɹɜɥɹɟɬɫɹ
ɦɚɬɟɦɚɬɢɱɟɫɤɢɟɦɟɬɨɞɵȼɫɬɚɧɞɚɪɬɟ-ɪɭɤɨɜɨɞɫɬɜɟ>@
ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɛɨɪ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦɚɬɟɦɚɬɢɱɟɫɤɢɯ
ɦɟɬɨɞɨɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɜ ɨɛɥɚɫɬɢ
ɪɚɞɢɚɰɢɨɧɧɵɯ ɩɪɢɥɨɠɟɧɢɣ Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɪɚɧɟɟ
ɫɭɳɟɫɬɜɭɸɬ ɱɟɬɵɪɟ ɦɟɬɨɞɚ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ
ɩɪɨɯɨɠɞɟɧɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɱɟɪɟɡ
ɜɟɳɟɫɬɜɨ ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɟɬɟɪɦɢɧɢɫɬɢɱɟɫɤɢɟ
ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɟɢɷɦɩɢɪɢɱɟɫɤɢɟɦɟɬɨɞɵ 
ɉɪɢ ɜɵɱɢɫɥɟɧɢɹɯ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ
ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɪɚɟɤɬɨɪɢɣ ɤɨɧɟɱɧɨɝɨ
ɱɢɫɥɚɱɚɫɬɢɰɩɪɢɜɨɞɹɳɢɯɤɢɨɧɢɡɚɰɢɢɢɩɪɨɢɫɯɨɞɢɬ
ɪɚɫɱɟɬ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɬɚɤɢɯ ɤɚɤ
ɩɨɝɥɨɳɟɧɧɚɹɞɨɡɚɷɧɟɪɝɢɹɱɚɫɬɢɰɵɟɟɤɨɨɪɞɢɧɚɬɵɢ
ɦɧɨɝɨɟ ɞɪɭɝɨɟ ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɷɬɨɝɨ ɦɟɬɨɞɚ
ɹɜɥɹɟɬɫɹɬɨɱɬɨɜɨɬɥɢɱɢɟɨɬɞɪɭɝɢɯɦɟɬɨɞɨɜɦɟɬɨɞ
Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜ ɩɪɢɧɰɢɩɟ ɦɨɠɟɬ ɩɪɨɦɨɞɟɥɢɪɨɜɚɬɶ
ɜɫɟ ɬɪɟɤɢ ɱɚɫɬɢɰ ɢ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɜɟɳɟɫɬɜɨɦ
ɩɨɥɭɱɢɬɶ ɪɟɚɥɢɫɬɢɱɟɫɤɭɸ ɤɚɪɬɢɧɭ ɚɤɬɭɚɥɶɧɵɯ
ɫɬɨɥɤɧɨɜɟɧɢɣ ɢ ɩɨɬɟɪɢ ɷɧɟɪɝɢɣ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɹɯ
ȼɫɟ ɤɨɦɩɨɧɟɧɬɵɜɤɥɚɞɚɜɩɨɬɟɪɸɷɧɟɪɝɢɢɱɚɫɬɢɰɚɦɢ
ɦɨɝɭɬ ɛɵɬɶ ɭɱɬɟɧɵ ȼ ɞɨɩɨɥɧɟɧɢɟ ɦɟɬɨɞ Ɇɨɧɬɟ-
Ʉɚɪɥɨ- ɦɟɬɨɞɤɨɬɨɪɵɣɦɨɠɟɬɩɪɟɞɨɫɬɚɜɢɬɶɧɚɢɛɨɥɟɟ
ɩɨɥɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɜ ɬɪɟɯɦɟɪɧɨɦ ɢɡɦɟɪɟɧɢɢ
ɇɟɞɨɫɬɚɬɤɨɦɷɬɨɝɨɦɟɬɨɞɚɹɜɥɹɟɬɫɹɬɨɱɬɨɷɥɟɤɬɪɨɧɵ
ɫ ɷɧɟɪɝɢɹɦɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ  ɤɷȼ ɞɨ  Ɇɷȼ
ɩɪɟɬɟɪɩɟɜɚɸɬ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɬɨɥɤɧɨɜɟɧɢɣ
ɬɨɱɧɨɟɦɨɞɟɥɢɪɨɜɚɧɢɟɜɫɟɯɬɪɟɤɨɜɧɟɜɵɩɨɥɧɢɦɨɢɥɢ
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ ȼɦɟɫɬɨ ɷɬɨɝɨ
ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɟɬɨɞɵ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɫɨ
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣɢɫɬɨɪɢɟɣ condensed history Monte 
Carlo methods). 
Ⱦɟɬɟɪɦɢɧɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɫɩɨɥɶɡɭɸɬ
ɭɪɚɜɧɟɧɢɹ ɨɩɢɫɵɜɚɸɳɢɟ ɩɪɨɯɨɠɞɟɧɢɟ ɢɡɥɭɱɟɧɢɹ ɜ
ɜɟɳɟɫɬɜɟ ɢ ɧɚɩɪɹɦɭɸ ɜɵɱɢɫɥɹɸɳɢɟ ɨɛɳɟɟ
ɪɚɞɢɚɰɢɨɧɧɨɟ ɩɨɥɟ ɩɨɝɥɨɳɟɧɧɭɸ ɞɨɡɭ ɢ ɞɪɭɝɢɟ
ɜɟɥɢɱɢɧɵ ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɞɟɬɟɪɦɢɧɢɫɬɢɱɟɫɤɢɯ
ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɬɨ ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɷɬɨɦ
ɦɟɬɨɞɟɦɨɠɟɬɛɵɬɶɛɵɫɬɪɟɟɩɨɫɪɚɜɧɟɧɢɸɫɦɟɬɨɞɨɦ
Ɇɨɧɬɟ-Ʉɚɪɥɨ ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ
ɬɨ ɱɬɨ ɷɬɨɬ ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ
ɨɫɰɢɥɥɢɪɭɸɳɢɦ ɪɟɲɟɧɢɹɦ ɢ ɨɲɢɛɤɚɦ ɫɤɨɪɨɫɬɢ
ɫɯɨɞɢɦɨɫɬɢɪɟɲɟɧɢɣ 
ɗɦɩɢɪɢɱɟɫɤɢɟ ɢ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ
ɨɫɧɨɜɚɧɵ ɧɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɹɯ
ɢɡɦɟɪɟɧɢɣ ɞɥɹɤɨɧɤɪɟɬɧɨɣ ɫɢɫɬɟɦɵɉɪɟɢɦɭɳɟɫɬɜɨɦ
ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɫɤɨɪɨɫɬɶ ɢ ɧɟ ɬɪɟɛɭɸɬ
ɞɚɧɧɵɯ ɩɨ ɫɟɱɟɧɢɹɦ ɭɱɟɬɚ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɢ
ɮɨɬɨɧɨɜɇɨɧɟɞɨɫɬɚɬɤɨɦɬɚɤɢɯɦɟɬɨɞɨɜɟɫɬɶɬɨɱɬɨ
ɞɥɹ ɤɚɠɞɨɝɨ ɫɥɭɱɚɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ
ɨɩɪɟɞɟɥɹɬɶ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ Ɍɚɤɠɟ ɬɚɤɢɟ
ɦɟɬɨɞɵ ɦɨɝɭɬ ɜɵɡɜɚɬɶ ɡɚɬɪɭɞɧɟɧɢɹ ɜ ɫɥɭɱɚɹɯ ɩɪɢ
ɤɨɬɨɪɵɯɩɪɢɫɭɬɫɬɜɭɸɬɫɥɨɠɧɚɹɝɟɨɦɟɬɪɢɹ 
ȼ >@ ɩɟɪɟɱɢɫɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɤɪɢɬɟɪɢɢ
ɜɵɛɨɪɚɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨɦɟɬɨɞɚ x ɫɩɟɰɢɮɢɤɚɰɢɹ ɬɢɩɚ ɢɫɬɨɱɧɢɤɚ ɢ ɟɝɨ
ɝɟɨɦɟɬɪɢɢ x ɫɩɟɰɢɮɢɤɚɰɢɹ ɭɫɬɚɧɨɜɤɢ ɨɛɴɟɤɬɚ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɨɣ
ɡɚɳɢɬɵ ɤɚɦɟɪɵ ɨɛɥɭɱɟɧɢɹ ɨɩɢɫɚɧɢɟ
ɤɨɧɜɟɣɟɪɚɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯɷɥɟɦɟɧɬɨɜ x ɫɩɟɰɢɮɢɤɚɰɢɹ ɦɚɬɟɪɢɚɥɚ ɨɛɥɭɱɚɟɦɨɝɨ
ɨɛɴɟɤɬɚɢɟɝɨɝɟɨɦɟɬɪɢɹ 
 ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɟɬ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ
ɦɟɬɨɞɨɜ ɜɵɛɨɪɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ
ɜɵɛɨɪɚ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ ɫɥɭɱɚɟ Ɉɞɧɚɤɨ ɝɥɚɜɧɵɟ
ɤɪɢɬɟɪɢɢɜɵɛɨɪɚɫɥɟɞɭɸɳɢɟ x ɷɦɩɢɪɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ
ɪɚɡɪɚɛɨɬɚɧɵ ɫɪɚɜɧɟɧɵ ɫ
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢ ɜ
ɫɥɭɱɚɟ ɫɨɜɩɚɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɫ




ɢɥɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɇɚ ɨɫɧɨɜɚɧɢɢ
ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɣ ɫ ɩɨɦɨɳɶɸ
ɞɟɬɟɪɦɢɧɢɫɬɢɱɟɫɤɢɯ ɢɢɥɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ
ɦɟɬɨɞɨɜɦɨɝɭɬ ɛɵɬɶɜɵɜɟɞɟɧɵɷɦɩɢɪɢɱɟɫɤɢɟ
ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ
ɜɞɚɥɶɧɟɣɲɢɯɪɚɫɱɟɬɚɯ 
ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɜɚɥɢɞɚɰɢɸ
ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɥɶɧɵɯ
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɋɪɚɜɧɢɬɟɥɶɧɚɹ




Ɍɚɛɥɢɰɚ  ± ɋɪɚɜɧɢɬɟɥɶɧɵɣ  ɚɧɚɥɢɡ
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ










Ɋɚɡɦɟɪɧɨɫɬɶ 3-D 3-D - 




Ⱦɚ Ⱦɚ Ⱦɚ 
ɋɤɨɪɨɫɬɶ
ɪɚɫɱɟɬɨɜ 
Ɇɟɞɥɟɧɧɚɹ ɋɪɟɞɧɹɹ Ȼɵɫɬɪɚɹ 
Ɉɰɟɧɤɚ
ɬɨɱɧɨɫɬɢ 
Ⱦɚ - - 
ɇɟɨɛɯɨɞɢɦɨɫɬɶ
ɜɟɪɢɮɢɤɚɰɢɢ 













Ɍɚɛɥɢɰɚ  ± Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ

























































































































































































































































































      
 
ȼɫɥɭɱɚɟɤɨɝɞɚɜɬɚɛɥɢɰɟɭɤɚɡɚɧɚɜɢɞɮɭɧɤɰɢɢ
- ©ɷɤɫɩª ɜɢɞ ɮɭɧɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ \   H[SS0 + p1āx); 
©ɩɨɥɢɧɨɦª ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɢɧɨɦɢɚɥɶɧɨɣɮɭɧɤɰɢɢ
y =   p0 + p1ā[   S2ā[ S3ā[ « ɩɪɢɱɟɦ ɩɨɪɹɞɨɤ
ɩɨɥɢɧɨɦɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɧɞɟɤɫɭ
ɤɨɷɮɮɢɰɢɟɧɬɚSɞɥɹɤɨɬɨɪɨɝɨɭɤɚɡɚɧɨɡɧɚɱɟɧɢɟ 





ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥ ɜɵɛɪɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ
ɦɟɬɨɞ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɯɨɠɞɟɧɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ
ɢɡɥɭɱɟɧɢɹ ɱɟɪɟɡ ɜɟɳɟɫɬɜɨ ɢ ɫɩɨɫɨɛ ɪɚɫɱɟɬɚ
ɩɨɝɥɨɳɟɧɧɨɣ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɨɡɵ ɢ ɦɨɳɧɨɫɬɢ
ɩɨɝɥɨɳɟɧɧɨɣɷɤɜɢɜɚɥɟɧɬɧɨɣɞɨɡɵɜɬɨɱɤɟɱɬɨɛɨɥɟɟ
ɤɨɪɪɟɤɬɧɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɜɵɱɢɫɥɟɧɢɹ
Ɉɛɨɫɧɨɜɚɧ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɪɚɫɱɟɬɚ
ɩɨɝɥɨɳɟɧɧɨɣ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɨɡɵ ɢ ɦɨɳɧɨɫɬɢ
ɩɨɝɥɨɳɟɧɧɨɣɷɤɜɢɜɚɥɟɧɬɧɨɣɞɨɡɵ 
ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɩɩɪɨɤɫɢɦɚɰɢɢ
ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɫɫɨɜɨɝɨ
ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ ɨɬ ɷɧɟɪɝɢɢ
ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɞɥɹ ɜɨɞɵ ɗɬɨ ɩɨɡɜɨɥɢɬ
ɜɧɟɞɪɢɬɶ ɜ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɫɱɟɬ
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